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OUTLINE 
•  Introduction to Nucleate Boiling 
•  Introduction to Microgravity Environments 
•  Experimental Design for Microgravity 
•  Conclusions 
•  Future Work 
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NUCLEATE BOILING 
•  One of 4 modes of boiling 
•  High heat transfer rates 
•  Wide range of terrestrial 
applications 
Boiling regimes for water at 1 atm 
Photo courtesy of Incropera q” = h(Ts– T∞) 
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TWO DIFFERENT OBSERVATIONS 
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Photo courtesy of Fukada 
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Rohsenow’s empirical model for pool boiling 
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MICROGRAVITY UNIVERSITY 101 
•  Passengers experience ~25 seconds of zero-g as 
plane free-falls 
•  Experiments are flown on two separate flight days 
•  Microgravity is a difficult working environment 
Parabolic flight path of plane.  Source: The Zero Gravity 
Corporation 
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EXPERIMENTAL DESIGNS FOR 
MICROGRAVITY 
Issues to overcome 
•  Maneuverability 
•  Repeatability 
•  Operability 
•  Reliability 
•  Visibility 
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MANEUVERABILITY 
•  Difficult to control body 
in microgravity 
•  Difficult to control free-
floating structure 
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REPEATABILITY - FLUID CELL 
EXPERIMENTAL PLATFORM  
•  Focus of experiment 
•  Needs to be 
interchangeable 
•  Provides platform to 
collect 
temperature, 
power, and video 
data 
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REPEATABILITY - HEATING 
ELEMENT GEOMETRIES 
Wire geometries used in experiment  
Possible method of bubble growth on wire 
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REPEATABILITY - SAMPLING 
DETAILS 
•  Control  
Automated via Labview 
•  Measurements 
 Taken at ~ 10,000 Hz 
 Recorded at 100 Hz 
•  Video 
 1920 by 1080 pixel resolution 30 
fps 
•  Pixel size 
 14 ?m x 14 µm  
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OPERABILITY 
•  Experimenters must use minimal effort to operate 
•  Control and automate data collection 
•  Difficult to troubleshot in microgravity 
•  NASA requirements for ground and flight operations 
must be met 
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RELIABILITY 
•  Only have two days to run 
experiment 
•  Needs to work the first time, 
every time 
•  First day of testing resulted in 
zero data because 
experiment tripped the GFCI 
•  About 30% of experiments in 
program succeed 
•  Need for structural safety 
analysis 
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VISIBILITY - LIGHTING 
Focus on isolated bubbles 
Balance between 
isolated bubbles and jets 
Focus on jets of bubbles 
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CONCLUSIONS 
•  Microgravity provides unique environment for research 
•  Vast difference in bubble dynamics depending on 
gravity level 
•  Wire and fluid temperature data suggest that heat 
transfer rates are independent of gravity level (as long 
as system is boiling) 
Jets of 
bubbles 
Individual 
bubbles 
No boiling in 
0-g or  1-g 
No boiling 
in 1-g  
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FUTURE RESEARCH 
Photo courtesy of Deng 
1) Extend input power range up to critical 
heat flux (wire burnout) 
2) Further resolve onset conditions for boiling 
3) 2-D Heater: 
• Electric pulses to ‘seed’ the bubbles 
• Bubbles grow as they accept heat 
• Possibility to control amount of cooling 
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QUESTIONS? 
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